Abstract. Liver cancer has a high morbidity and mortality rate, and is one of the most common types of cancer in men. PNPLA7 is a member of the patatin-like phospholipase domain-containing protein family which is involved in triglyceride hydrolysis, energy metabolism and lipid droplet metabolism. The liver is the most important energy metabolism organ; whether PNPLA7 is deregulated in liver cancer has not been previously reported. In the present study, reverse transcription-quantitative polymerase chain reaction and subsequent methylation analysis provided evidence that PNPLA7 is down-regulated in hepatocellular carcinoma (HCC) cell lines and tissue samples, via the mechanism of transcriptional silencing by promoter hypermethylation. These results may provide novel insights for HCC diagnosis.
Introduction
Liver cancer has a high morbidity and mortality rate (1) , and is one of the most common types of cancer in men.
Hepatocellular carcinoma (HCC) is the major histological subtype among primary liver cancer cases, accounting for 70-85% of the total live cancer burden worldwide (2, 3) . Liver cancer may be a result of multiple factors and it develops in a multistep process. At present, there are no effective methods for treatment. Although a number of genetic alterations have been reported in the literature, including up-or down-regulated genes (4) (5) (6) , the overall underlying mechanism remains unknown. It is widely recognized that epigenetic alterations such as methylation and acetylation contribute to carcinogenesis (7, 8) . Therefore, further exploration of the gene epigenetic changes in HCC are required.
Patatin glycoprotein is highly expressed in mature potato tubers and is a non-specific, lipid acylhydrolase (9) . Patatin-like phospholipase domain-containing protein family (PNPLAs) has been identified in a number of species varying from bacteria to human (10, 11) . PNPLA7, also termed NTE-related 1 (NTE-R1) or NRE, is a member of the PNPLAs family, which is conserved protein in mice, rats and humans (12) . It serves key roles in triglyceride hydrolysis, energy metabolism, lipid droplet (LD), and in regulation of adipocyte differentiation (10, 13) .
There is a marked difference between tumor cells and normal cells in terms of their metabolic patterns, therefore, genes that affect energy metabolism may be potential targets for tumor treatment or diagnosis. It is well recognized that the liver is the most important metabolism organ; whether PNPLA7 is deregulated in HCC has not been previously reported. In the present study, evidence is provided that PNPLA7 was down-regulated in HCC through hypermethylation of its promoter. These findings indicate that PNPLA7 is a potential biomarker for HCC diagnosis. . First-strand cDNA was synthesized from 500 ng total RNA using the high-capacity cDNA reverse transcription kit (Applied Biosystems, Foster City, CA, USA). Quantitative PCR was performed using an Applied Biosystems 7900 Prism real-time PCR system and SYBR Premix Ex Taq (Takara, Dalian, Japan), in accordance with the manufacturer's protocol. Quantitative PCR primers were as follows: PNPLA7, F 5'-GGA AAA GCG TGA TGG TTGC-3' and R 5'-GAG CAG GTC CTT CTT GGC A-3'; and GAPDH, F 5'-CAG GGC TGC TTT TAA CTC TGG TAA-3' and R 5'-ACT TGA TTT TGG AGG GAT CTC GCT-3'. Cycling conditions were as follows: 95˚C for 3 min followed by 40 cycles of 95˚C for 15 sec and 60˚C for 1 min.
Materials and methods

Human
Treatment of cells with 5-Aza-dC and trichostatin A (TSA).
5-Aza-dC (Sigma-Aldrich) and TSA (Sigma-Aldrich) were used for demethylation assay. HepG2 cells (5x10 5 cells/well) were seeded in 60 mm dishes. When the cells reached 30% coverage, the demethylation agent 5-Aza-dC was added to the fresh medium at a concentration of 3 µM. After 4 days, TSA was added at a concentration of 0.5 µM. The cells were harvested on the 5th day for the extraction of RNA and DNA. The control cells were incubated without 5-aza-dC and TSA.
Bisulfite-sequencing PCR (BSP) analyses.
The bisulfite conversion and PCR analyses were performed as described previously (14) . BSP primers used for PNPLA7 were F 5'-GTG TAG ATT AAG GAG ATG GTTT-3' and R 5'-TAC TTT TCC AAA TTA TCA AAA TC-3' . Cycling conditions were as follows: 94˚C for 3 min; 40 cycles of 94˚C for 15 sec, ~54˚C for 20 sec (56˚C for the 1st cycle, 54˚C for the 2nd cycle and 52˚C for the remaining cycles) and 72˚C for 30 sec; 72˚C for 1 min; and 4˚C thereafter. Then the PCR products were subjected to TA cloning then sent to Invitrogen (Thermo Fisher Scientific, Inc.) for first-generation sequencing (Sanger method). Sequence data was analyzed using Chromas 2.23 (Technelysium Pty Ltd., Brisbane, Australia) and CpGviewer 6.4 (http://dna.leeds.ac.uk/cpgviewer/).
Immunofluorescence. L02 cells (4x10 5 /well) were seeded in a 20 mm glass bottom cell culture dish and cultured overnight. The cells were washed with PBS and then fixed in 10% formaldehyde for 30 min at room temperature. After 3 washes with PBS, the cells were treated with 0.5% Triton-X-100 on ice for 5 min, to permeabilize. After a further 3 times of rinsing with PBS, the dish was blocked with 1% Albumin from bovine serum and incubated with antibodies of rabbit polyclonal PNPLA7 (dilution, 1:200; cat no. ab121302; Abcam) and subsequently with Alexa Fluor 488 Conjugate anti-rabbit IgG (dilution, 1:1,000; cat no. 4412S; Cell Signaling Technology). After 3 washes with PBS, Hoechst staining solution (1 µg/ml) (Life Technologies, Inc., ThermoFisher Scientific, Inc.) was added to completely cover the cells and the cells were incubated for 10 min at room temperature in the dark. After a further 3 washes, the cells were imaged with a LSM 710 confocal microscope (Carl Zeiss AG, Oberkochen, Germany).
Statistical analysis. Student's t-test was performed to identify statistical significance. Statistical analysis was performed using SPSS software, version 20 (SPSS, Inc., Chicago, IL, USA).P<0.05 was considered to indicate a statistically significant difference. GraphPad Prism 5 (GraphPad, San Diego, CA, USA) was used to draw the figures.
Results
PNPLA7 was down-regulated in HCC tissues and cell lines.
Transcriptional expression of PNPLA7 was evaluated in 52 pairs of HCC samples by RT-PCR. After the expression levels were normalized against GAPDH levels, the results showed that PNPLA7 expression was dramatically decreasedin the HCC samples compared to normal controls in the tissue pairs studied (P<0.01, Fig. 1A ). PNPLA7 expression was also significantly down-regulated in all six HCC cell lines compared to the normal liver cell line, L02 (P<0.01, Fig. 1B) .
Hypermethylation of PNPLA7 promoter existed in HCC cell
lines. DNA methylation is often correlated with deregulation of variety of genes. The DNA methylation statue of the region (chr9:140446407-140447247) was determined with a BSP-based assay on 6 HCC cell lines and 1 normal liver epithelial cell line. As presented in Fig. 2 , the average methylation rate in the 6 HCC cell lines (85.8%) was considerably higher than that observed in the normal liver epithelial cell line L02 (3.3%) (P<0.001), indicating that the promoter region was hypermethylated in HCC.
PNPLA7 expression was restored after 5-Aza-docy treatment.
To confirm the correlation between PNPLA7 expression and the methylation status of its promoter, a demethylation experiment was performed. The HepG2 cell line was treated with DNA methyltransferase inhibitor 5-Aza-dC and the histone deacetylase inhibitor TSA. As shown in Fig. 3A , the result of RT-qPCR assay revealed that the expression of PNPLA7 in HepG2 cell line was significantly up-regulated after treatment with 5-Aza-dC and TSA (P<0.01). In addition, BSP results (Fig. 3B) confirmed that the majority of the methylated sites were demethylated following treatment, and the corresponding methylation rate decreased by 93% (to 5.56%) ( Fig. 3C ; P<0.01).
Subcellular location of PNPLA7 in HCC cells.
Confocal imaging was performed and indicated that PNPLA7 was mainly located in plasma membrane and partly distributed in cytoplasm (Fig. 4) .
Discussion
The present study indicated that deregulation of PNPLA7 was associated with HCC and identified that hypermethylation resulted in reduced expression levels of PNPLA7 in HCC.
PNPLAs are considered to be a divergent family, the majority if which have a highly conserved orthologue in several mammalian species (10) . PNPLA family members share a protein domain discovered initially in patatin, which is a lipid hydrolase with an unusual folding topology that differs for diverse substrates such as triacylglycerols, phospholipids, and retinol esters (15) .
PNPLA7 is 61% identical to PNPLA6 in amino acid sequence and has the same domain structure, however, it cannot substitute for PNPLA6 during embryonic development (10, 12) and it has a different tissue distribution, richest in lysosome, mitochondrion, nucleus and vacuole, and was regulated by insulin and glucose levels (16, 17) . Both these proteins are predicted to be regulated by cyclic nucleotide as integral membrane proteins and potent 
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lysophospholipase activity, while they showed different sensitivity to organophosphate inhibitors (18) . Other members of PNPLA family were reported to be involved in lipid metabolism and chronic hepatitis C infection. PNPLA3, particularly, was strongly associated with liver injury and non-alcoholic fatty liver disease (NAFLD) (19) (20) (21) . However, there are few reports relating to PNPLA7 in human diseases. Vrieze et al (22) mapped ~85,000 rare nonsynonymous exonic single nucleotide polymorphisms (SNPs) to 17 psychophysiological endophenotypes in 4,905 individuals and identified that PNPLA7 is associated with the endophenotype pleasant difference startle, the difference in startle magnitude between pleasant and neutral images. Therefore, the present study aimed to explore whether PNPLA7 was also associated with liver disease like PNPLA3. Here we observed that PNPLA7 was down-regulated in HCC cell-lines and also in tissue samples.
Promoter hypermethylation induced transcriptional silencing has emerged recently as one important mechanism involved in oncogenesis and cancer development (23, 24) . In order to understand the molecular mechanism of the down-regulation of PNPLA7 in HCC, the methylation status of CpG island of PNPLA7 promoter was analyzed and hypermethylation was confirmed in all HCC cell lines. Then 5-Aza-dC, a demethylating agent, was used and this treatment restored PNPLA7 expression in liver cancer cell lines. The results revealed that promoter hypermethylation could result in inhibition of PNPLA7 transcription in HCC.
In conclusion, the present study demonstrated that PNPLA7 levels were dramatically down-regulated in both HCC cell lines and tissues. It was also determined that DNA hypermethylation was the mechanism of the down-regulation of PNPLA7 in HCC. These results may offer a novel insight to identifying cancer markers and understanding the mechanism of hepatocarcinogenesis. 
